INTRODUCTION
Cryopreserved sperm has been used in the treatment of infertility for more than 40 years (1) . Despite continued refinement of methods of sperm cryopreservation, a reduction in motility of between 25%-75% is found after thawing (2) . It is well established that the ability of cryopreserved sperm to fertilize an oocyte and achieve a pregnancy is greater if the postthaw motility percentage is high (3) . The postthaw motility is related to the precryopreservation motility (4) .
The application of sperm cryopreservation for infertile males has been complicated by the high loss of postthaw motility (5) . However, with the development of intra cytoplasmic sperm injection (ICSI), where only one viable sperm per oocyte is needed (6) , the cryopreservation and storage of poorer semen samples for future ICSI application has become a worthwhile treatment option. The optimisation of the postthaw motility of poor semen samples facilitates the selection of sperm during the ICSI procedure. It is a responsibility of the embryologist performing the ICSI to choose the most "viable" sperm to inject (6) . The parameters the embryologist primarily relies upon to determine "viability" are motility and morphology (6) . Higher numbers of motile sperm per sample allow a more stringent assessment of the morphology of sperm suitable for injection.
One method that has been described to identify viable sperm in samples with very poor or no motile sperm present is the hypo-osmotic swelling test (HOS) (7) . However, this test has been shown to be unreliable for cryopreserved sperm (8) . The ability to improve postthaw sperm motility will benefit men with poorer semen parameters undergoing assisted reproduction treatment. A number of methods are commonly used to improve motility in postthaw cryopreserved semen from normospermic men. Sperm motion characteristics improve after incubation with methylxanthines (9), platelet-activating factor (PAF) (5), and vero cell coculture (10). Sharma et al. (1997) , showed that postthaw motility of cryopreserved oligospermic samples could be increased by exposure to methylxanthines in culture. However, methylxanthines, including pentoxifylline and caffeine may exert mitogenic effects, and because these agents may be absorbed into the sperm, it raises safety concerns regarding their use (12) . Compounds that sperm are exposed to in-vivo, such as PAF (13) and follicular fluid (FF), can stimulate sperm motion characteristics in normal, fresh semen samples (14) . PAF receptors have been identified on individual sperm, localized to the midpiece and proximal head (15) . This suggests a direct role for PAF in influencing sperm motility. The potential stimulatory effects of PAF and FF on sperm motion characteristics of oligospermic, cryopreserved semen have not been studied.
The aim of this study was to assess the effects on sperm motility parameters of human tubal fluid (HTF) medium alone, PAF and FF incubated with postthawed cryopreserved semen from oligospermic men.
MATERIALS AND METHODS

Subjects
Semen samples from male partners of couples being treated with in vitro fertilization were collected by masturbation after a period of 3-5 days abstinence. The samples were assessed according to WHO criteria (1999). FF was obtained from follicular aspirates at the time of oocyte collection from women undergoing in vitro fertilization treatment. This project was approved by the Hospital Authority of Hong Kong Ethics Committee, Approval No. (10) in PD/08/04/98.
Cryopreservation of Semen
Samples were diluted stepwise to a 1:1 concentration with Human Semen Preservation Medium (HSPM) (17) and aliquoted into 1.8-ml vials. Cryopreservation vials were placed at 4
• C for 10 min, then at −20
• C for 10 min, and at −80 • C for 10 min prior to being plunged into liquid nitrogen. Cryopreserved samples were thawed at 37
• C and washed twice with Hepes buffered HTF to remove the cryoprotectant.
Sperm Culture
Samples were divided into three replicates and were resuspended to a concentration of 20 × 10 6 /ml (unless available were insufficient total sperm numbers, in which case the highest possible concentration was used). The samples were then incubated at 37
• C with 5% CO 2 in a humidified incubator, for 2 h in one of the following media: a. HTF (Irvine Scientific, USA) medium with 10% synthetic serum substitute (Irvine Scientific, USA) (HTF) b. FF c. HTF with 1-µM PAF (Sigma, USA)
Sperm Analysis
Five-microliter aliquots of each sample for each of the culture conditions were analysed by a computerassisted motion analyzer (Hobson Sperm Tracker System Ltd., Sheffield, UK) Percent motility (%mot), sperm concentration (×10 6 /ml), curvilinear velocity (VCL: the total distance travelled by a given sperm divided by the total time elapsed), straight line velocity (VSL: the straight line distance from the beginning of the sperm track divided by the total time elapsed), average path velocity (VAP), linearity (LIN: the ratio of curvilinear to straight line velocity), amplitude of lateral head displacement (ALH: the mean width of sperm head oscillation) and percent hyperactivated (criteria: VCL = 70-µm/s, ALH >5-µm, LIN <30%) were analysed. Two hundred sperm per aliquot were tracked in accordance with WHO guidelines (16) .
The Hobson Sperm Tracker results for motility and sperm concentration were verified manually (16) .
Statistical Analysis
Paired Student t-test was used to evaluate percentage changes in the motion characteristics. A value of p < .05 was considered significant. Semen samples in each group were studied individually to avoid any possible effects of pooling the samples.
RESULTS
Thirty-six semen samples, 16 oligospermic (5 with counts between 15-20 × 10 6 /ml, 3 with counts between 10-15 × 10 6 /ml, 4 with counts between 5-10 × 10 6 /ml, and 4 with counts between 1-2 × 10 6 /ml) and 20 normospermic samples, were analysed.
Computer-Assisted Sperm Analysis
The data derived from the Hobson Sperm Tracker for the postthaw oligospermic samples showed a high variation in sperm concentration and motility, both within the sample itself and when comparing it to the manual method ( Table I ). The differences in results were outside the 95% confidence interval for differences between two counts indicating a systematic error (16) . Very slow progressive motility and nonprogressive motility that were common in these samples were not detected by the program. Therefore the use of the sperm tracker for the samples used in this study was not considered appropriate, and the manual method was used to perform comparisons between the sample groups.
Analysis of Sperm Motility
Immediately after thawing, the mean percentage motility was significantly lower in oligospermic (5.7% ± 5.9%) compared to normospermic (18.9% ± 11%) samples ( p < .001).
Following 1-or 2-h incubation in HTF alone, there was no significant change in the mean percentage motility in either the oligospermic or normospermic samples (Table II) . Following 1-h incubation in FF there was no significant difference in the mean percentage motility in either the oligospermic or the normospermic samples (Table II) . However, after 2-h incubation in FF the mean percentage motility in normospermic samples was significantly increased (Table II) . There was no significant difference in the mean percentage motility between samples incubated for 1 h in FF compared to HTF (Table II) . However after 2-h incubation in FF compared to HTF the percentage motility in normospermic (29.3% ± 11.6% vs. 24.5% ± 13.0%, p < .01), but not in oligospermic, sample was significantly increased (Table II) . Incubation in HTF with 1-µM PAF for 1 h significantly increased the mean percentage motility compared to incubation with HTF alone in both oligospermic (12.1% ± 7.3% vs. 6.4% ± 6.1%, p < .001) and normospermic (29.7% ± 12.8% vs. 21.5% ± 11.4%, p < .001) samples. Incubation in HTF with 1-µM PAF for 1 h significantly increased the mean percentage motility compared to incubation in FF in both oligospermic (12.1% ± 7.3% vs. 6.5% ± 6.1%, p < .02) and normospermic (29.7% + 12.8% vs. 23.0% + 10.9%, p < .05) samples. After 2-h incubation in HTF with 1-µM PAF, the mean percentage motility was significantly higher in both oligospermic (13.1% ± 7.1% vs. 6.7% ± 6.0%, p < .001) and normospermic (36.1% ± 14.2% vs. 24.5% ± 13.0%, p < .001) samples compared to incubation in HTF alone. Normospermic samples incubated in FF for 2 h did not show any difference in the mean percentage motility compared to normospermic samples incubated in HTF with 1-µM PAF (Table II) . (1 h) 11.1 ± 9.1 0.8 ± 1.5 HTF (2 h) 13.9 ± 9.9 1.4 ± 1.7 FF (1 h) 14.6 ± 8.7 2.5 ± 3.0 FF (2 h) 19.0 ± 9.7 * 3.8 ± 3.9 PAF (1 h) 14.1 ± 9.2 1.9 ± 2.4 PAF (2 h) 14.1 ± 9.2 2.4 ± 2.4 * p < .05.
In comarison, oligospermic samples incubated in HTF with 1-µM PAF for 2 h did show significantly increased mean percentage motility compared to oligospermic samples incubated in FF for 2 h (13.1% ± 7.1% vs. 7.1% ± 5.7%, p < .01).
Analysis of Fast Progressive Motility
Incubation for 1 h in HTF alone, FF or HTF with 1-µM PAF had no effect on fast progressive motility in either oligospermic or normospermic samples (Table III). After 2-h incubation in HTF alone and HTF with 1-µM PAF again showed no effect on fast progressive motility (Table III) . However FF incubation for 2 h resulted in a significant increase in the mean percentage of fast progressive motility for normospermic (8.8% ± 8.3% vs. 19.0% ± 9.7%, p < .05) but not for oligospermic samples (Table III) .
Analysis of Slow Progressive Motility
Incubation for 1 or 2 h in HTF alone, FF or HTF with 1-µM PAF had no significant effect on the mean percentage of slow progressive motility in either oligospermic or normospermic samples (Table IV) .
Analysis of Nonprogressive Motility
Incubation in either HTF alone or in FF for 1 or 2 h had no effect on the mean percentage of non- 6.7 ± 4.7 2.6 ± 2.7 progressive motility in either oligospermic or normospermic samples (Table V) . Incubation in HTF with 1-µM PAF for 1 h resulted in a significant increase in the mean percentage of nonprogressive motility of both oligospermic (2.1% ± 1.9% vs. 8.6% ± 3.8%, p < .001) and normospermic (2.5% ± 1.8% vs. 10.9% ± 4.6%, p < .05) samples. Incubation in HTF with1-µM PAF for 2 h showed a significant increase in the mean percentage of nonprogressive motility, in oligospermic (2.1% ± 1.9% vs. 8.2% ± 3.4%, p < .05) and normospermic (2.5% ± 1.8% vs. 13.5% ± 4.8%, p < .05) samples but there was no difference between the effect of PAF in 1-h incubation compared to 2-h of incubation (Table V) .
DISCUSSION
Most studies that have used computer-assisted semen analysis have studied normal semen that has undergone percoll separation to minimize the number of nonmotile sperm in the prepared sample (10, 14) or else have examined semen with poorer motility but normal counts (5) . The lack of reliability seen in our results may have been because of the combination of very low counts and the high percentage of immotile sperm in these samples. It is not possible to analyse nonprogressive motility with the Hobson Sperm Tracker, but this type of motility is significant when assessing severe male factor infertility where ICSI is indicated. Because computer analysis was unreliable, we manually assessed the samples in our study.
Our results showed that incubating postthawed cryopreserved sperm in HTF medium had no effect on motility characteristics. These data are consistent with the results of previous studies (11, 14) . FF has previously been shown to increase the motility and the number of sperm showing fast progressive motility (14) , and these findings were also confirmed by our data. However, this stimulatory effect was not seen in oligospermic samples.
PAF, on the other hand, exerted a stimulatory effect on both oligospermic and normospermic samples with a maximal effect at 1 h. These results support the findings of Hellstrom et al. (1991) , on normospermic semen donors, who showed PAF to have a stimulatory effect on motility with a maximal response at 1-µM with 1-h incubation. There are no previous data on the effect of PAF on oligospermic samples. Normospermic samples showed a significant increase in sperm with nonprogressive motility when incubated with PAF and a significant increase in fast progressive motility when incubated with FF. These results suggest that PAF and FF both exert a stimulatory effect but they promote different motility characteristics. Fabbri et al. (1998) showed that FF increased motility, curvilinear velocity and the maximum amplitude of head displacement, but decreased linearity. On the other hand, Hellstrom et al. (1991) showed PAF to have a stimulatory effect on motility, on straight line velocity, and on linearity. This supports the suggestion that PAF and FF may have different modes of action. The motion parameters that changed after incubation with FF are associated with sperm entering the hyperactivated state (10) . It could be hypothesised that the motion characteristics associated with PAF incubation do not relate to the hyperactive state, but instead result from a direct effect on the sperm's ability to move. This hypothesis is supported by the evidence that PAF receptors on sperm are located predominantly on the proximal head and at the midpiece, which is the mitochondria-rich region of the sperm (15) . These findings provide insight into the biology of sperm motility, and further studies that explore the intracellular pathway of PAF in individual sperm may identify other factors that limit or enhance sperm motility.
To date, our knowledge of methods which may improve sperm motility is based mainly on studies of good quality sperm (9, 11, 14) . Our results clearly show that good quality sperm and poor quality sperm do not respond to motility stimulants in the same manner. Therefore, we can not assume that factors which improve motility in good quality sperm will be of benefit to poor quality samples.
The most important finding in this study was that incubation with PAF increased the motility in sperm samples with severe asthenozoospermia. This is seen in many oligospermic samples following cryopreservation. Incubation with PAF therefore has an important clinical application. For samples with little or no motility, incubation with PAF may allow the identification of sufficient numbers of motile sperm to make selection of viable sperm for ICSI possible. This is particularly important as the other possible method of detecting live sperm with severe asthenozoospermia (the HOS test) has been shown to be unreliable in cryopreserved sperm (8) .
In summary, whereas incubation with FF does not have a significant stimulatory effect on poor quality cryopreserved sperm, incubation with PAF increases the number of sperm that show motility in both poor and good quality cryopreserved sperm.
